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SUHFLSLWDWHV YDULHV WKH FKHPLFDO FRPSRVLWLRQRI WKH DOOR\V DQG WKHUHE\ FKDQJHV WKH VKDSHPHPRU\(IIHFW DQG7UDQVIRUPDWLRQ
WHPSHUDWXUHRI WKHDOOR\V 7KH LQYHVWLJDWLRQ UHVXOWVDUHH[SHFWHG WREHQHILW WKHDSSOLFDWLRQVRI&X$O%H60$XQGHUGLIIHUHQW
WKHUPDOFRQGLWLRQVDVDUHSODFHPHQWRIFRVWO\1L7LQROV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV  6KDSH0HPRU\$OOR\V&X$O%H $JHLQJ9LFNHUV+DUGQHVV'6&
 ,QWURGXFWLRQ
6KDSH PHPRU\ DOOR\V 60$ DUH WKH XQLTXH FODVV RI VPDUWPHWDOOLF PDWHULDOV ZKLFK KDYH DQ LQWULQVLF DELOLW\ WR
UHFRYHU WKH SUHGHILQHG VKDSH XSRQ DSSURSULDWH WKHUPDO RU PHFKDQLFDO WUHDWPHQW ZLWKRXW WKH UHVLGXDO VWUDLQ 7KH
GLVWLQFWSURSHUWLHVRI60(DVZHOO DVSVHXGRHODVWLFLW\ WZRZD\VKDSHPHPRU\HIIHFW UXEEHUOLNH EHKDYLRXU DQG
KLJK GDPSLQJ FDSDFLW\ DUH FORVHO\ UHODWHG WR WKH WKHUPRHODVWLF PDUWHQVLWLF WUDQVIRUPDWLRQ ZDV H[SODLQHG E\ WKH
UHVHDUFKHUV +VX&$ HWDO  0DOOLN86HWDO DQG 0L\D]DNL 6 HWDO  0DQRVD/, HWDO 
H[SODLQVWKHUHFRYHU\RI VWUDLQZLWK WKH WKHUPDO RQH ZD\ VKDSH PHPRU\HIIHFW RU PHFKDQLFDO WUHDWPHQW SVHXGR
HODVWLFLW\ LV DWWULEXWHG WR WKH WKHUPRHODVWLFPDUWHQVLWLFWUDQVIRUPDWLRQ 1LWLQROV1L7LVKDSH PHPRU\ DOOR\V LV RQH
RI WKH FODVVLFDO H[DPSOH XQUDYHOOLQJ WKH FRPPHUFLDO SRWHQWLDO RI VKDSHPHPRU\ DOOR\DSSOLFDELOLW\ 1L7LDOOR\V
DUH KLJKO\H[SHQVLYH ZKLFK UHVWULFWV LWV DSSOLFDWLRQV WR QLFKH PDUNHWV VXFK DV PHGLFDOVWHQWV LQGXVWULDO DXWRPDWLRQ
DHURVSDFH DQG GHIHQFH5HFHQWO\ LW LV IRXQG WKDW &X EDVHG DOOR\V OLNH &X$O=Q &X$O0Q&X$O%H DOVR H[KLELW
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VKDSH PHPRU\ HIIHFW 60( %DOR61HWDO &KXQJ&<HWDO  DQG )HQJ&KHQ HWDO H[SODLQV
DV &X EDVHG 60$V KDYH EHHQ SUHIHUUHGVLQFH WKH\ KDYH JRRG PHPRU\ SURSHUWLHV ORZ SURGXFWLRQ FRVW DQGHDVHRI
PDQXIDFWXULQJ ,Q WKHVH DOOR\V WKH 60( LV DFKLHYHG WKURXJK D WKHUPRHODVWLFPDUWHQVLWLF WUDQVIRUPDWLRQ =XQLJD+
) HW DO  H[SODLQV LQ &X$O DOOR\ WKH GLVRUGHUHG %&& ȕ DXVWHQLWH SKDVH ZKLFK LV UHVSRQVLEOH IRU VKDSH
PHPRU\ EHKDYLRXULVVWDEOHDWKLJKWHPSHUDWXUHV %DOR61HWDO  DQG&KHQWRXI60HWDO  H[SODLQVWKH
VPDOODGGLWLRQRI%HLQWR&X$ODOOR\EULQJVGRZQPDUWHQVLWHWUDQVIRUPDWLRQWHPSHUDWXUHH[WUDRUGLQDULO\ ZLWKRXW
DIIHFWLQJȕSKDVHVWDELOLW\DQGDOVR IDYRXUV WKH'2 RUGHUHGVWUXFWXUHLQPHWDVWDEOHDXVWHQLWH %HONDKOD6 HWDO
H[SODLQV WKHDGGLWLRQRIRQO\ZWRI%HUHGXFHV WKHSKDVH WUDQVIRUPDWLRQ WHPSHUDWXUHRI WKLVDOOR\E\
DSSUR[LPDWHO\ &7KHZLGHYDULDWLRQVRIWUDQVIRUPDWLRQWHPSHUDWXUHZLWKDVPDOODPRXQWRI%HDGGLWLRQPDNHD
&X$O%H60$VFLHQWLILFDOO\LQWHUHVWLQJDQGWHFKQRORJLFDOO\LPSRUWDQW :X0+ HWDO H[SODLQV WKLVDOOR\
KDV PDQ\ LQWHUHVWLQJ SURSHUWLHV VXFK DV VXSHUHODVWLFLW\ DQ H[FHOOHQW FDSDFLW\ WR DEVRUE VRXQG YLEUDWLRQ DQG
PHFKDQLFDOZDYHVKLJKPHFKDQLFDOVWUHQJWK UHVLVWDQFH WRFRUURVLRQHWF ,Q  WKH SUHVHQW VWXG\ DQ DWWHPSWZDV
PDGH  WR VWXG\ WKH HIIHFW RI$JHLQJ LQ WKH &X$O%H60$SUHSDUHG E\  JUDYLW\  GLH FDVWLQJ  WHFKQRORJ\ XVLQJ
LQGXFWLRQ  PHOWLQJ 7KH WUDQVIRUPDWLRQ WHPSHUDWXUHV RI WKH DOOR\V VKRZLQJ WKH 6KDSH PHPRU\ HIIHFW ZHUH
GHWHUPLQHGE\XVLQJ'LIIHUHQWLDO6FDQQLQJ&DORULPHWU\'6&DQG WKHSKDVHVXVLQJRSWLFDOPLFURVFRSH 7KHRQH
ZD\ VKDSH PHPRU\ HIIHFW RI WKLV DOOR\ ZDV DOVR YHULILHG E\ EHQG WHVW 7KH 60$V KDYH PDQ\ WHFKQRORJLFDO
DSSOLFDWLRQV)RUWKH &X$O%HDOOR\DFRQILUPHGSULRUVWXGLHVRI-XUDGR0HWDO 0DQRVD/,HWDO 
UHYHDOV WKH'2 W\SH WUDQVLWLRQ &KHQWRXI 60 HW DO  DQG.XR++ HW DO  H[SODLQV DV SUHFLSLWDWH
IRUPDWLRQ ZDV PDLQO\ UHVSRQVLEOH IRU VKDSH PHPRU\ HIIHFW GHWHULRUDWLRQ LWV DEVHQFH LQ WKH PDUWHQVLWLF PDWUL[
FRQILUPVWKHJRRGVKDSHPHPRU\FKDUDFWHULVWLFVRIWKHDOOR\
+RZHYHU/RZDJHLQJUHVLVWDQFHFRDUVHJUDLQDQGSRRU WKHUPDOVWDELOLW\DUHVRPHRI WKHGUDZEDFNVDVVRFLDWHG
ZLWK LW 7KH DLP RI WKH SUHVHQW VWXG\ LV WR LQYHVWLJDWH DJLQJ RI DOOR\ DERYH WKH DXVWHQLWH ILQLVK WUDQVIRUPDWLRQ
WHPSHUDWXUHDVVRFLDWHGZLWK IRUPDWLRQRISUHFLSLWDWHVYDULDWLRQ LQ WUDQVIRUPDWLRQ WHPSHUDWXUHDQG6KDSHPHPRU\
HIIHFW
([SHULPHQWDO3URFHGXUH
&X$O%H60$VZLWK  ZWRI DOXPLQXP DQG  ZWRI%HU\OOLXPZHUHFKRVHQIRUWKHSUHVHQWVWXG\
DV WKH DOOR\V H[KLELW ȕSKDVH DW KLJK WHPSHUDWXUHV DQG PDQLIHVW VKDSH PHPRU\ HIIHFW RQ TXHQFKLQJ WR IRUP




FRPSRVLWLRQV RI WKH FDVW DOOR\V ZHUH GHWHUPLQHG XVLQJ DQ LQWHJUDOO\ FRXSOHG SODVPDRSWLFDO HPLVVLRQ
VSHFWURSKRWRPHWHU7KH DOOR\ VDPSOHVZHUH WKHQ KRW UROOHG DW & WR D WKLFNQHVVRI PP7KH UROOHG VDPSOHV
ZHUHEHWDWL]HG IRUPLQDW &DQGVWHSTXHQFKHG LQWRERLOLQJZDWHU &DQG WKHQTXHQFKHG LQWRDZDWHU
EDWKDWURRPWHPSHUDWXUHa&7KHPLFURVWUXFWXUHDQGPRUSKRORJ\RIPDUWHQVLWHVIRUPHGZHUHVWXGLHGXVLQJDQ
RSWLFDOPLFURVFRSH DQG FRPSRVLWLRQDO DQDO\VLV ZDV FDUULHG RXW IRU WKH VDPSOHV 7KH SUHSDUHG VDPSOHV WHVWHG IRU
6KDSH0HPRU\HIIHFWE\EHQGWHVW)HQJ &KHQ HWDO 7KHWUDQVIRUPDWLRQWHPSHUDWXUHVZHUHGHWHUPLQHGXVLQJ
DGLIIHUHQWLDOVFDQQLQJFDORULPHWHU'6&E\KHDWLQJFRROLQJWKHVDPSOHVDWDUDWHRI&PLQ7KHQWKHDOOR\VZHUH
VXEMHFWHG WKHUPDO DJHLQJ IRU GLIIHUHQW KROGLQJ WLPHV UDQJLQJ IURP  ±  KRXUV ZLWK YDU\LQJ WHPSHUDWXUHV 7KH





FRPSRVLWLRQVRI WKHFDVW DOOR\VZHUHGHWHUPLQHGXVLQJ3HUNLQ(OPHU ,QWHJUDOO\&RXSOHG3ODVPD2SWLFDO(PLVVLRQ
6SHFWURSKRWRPHWHU ,&32(6ZKLFK LVFDSDEOHRIGHWHUPLQLQJ WKHFRPSRVLWLRQVXS WR WKH VHFRQGGHFLPDOSODFH
)RUFRPSRVLWLRQDQDO\VLVJUDPRIWKHDOOR\VDPSOHWDNHQIURPWKHPLGGOHSRUWLRQRIWKHKRPRJHQL]HGLQJRWV
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7UDQVIRUPDWLRQ7HPSHUDWXUH
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$JHLQJDW&
7KHPLFURJUDSKVREWDLQHGDIWHUDJHLQJWKHDOOR\VSHFLPHQVDW&IRUDQGKRXULVDVLQ)LJ,WFDQEH
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7UDQVIRUPDWLRQ7HPSHUDWXUHDIWHU$JHLQJ
7KH SKDVHWUDQVIRUPDWLRQ7HPSHUDWXUHVRIWKHVDPSOHVZKLFKZHUHVXEMHFWHGWRDJHLQJVWXGLHVZHUHGHWHUPLQHG
E\'6& 7KH0V0I DQG$V $I WHPSHUDWXUHV RI WKH DJHG VDPSOHV DW YDULRXV WHPSHUDWXUHV DUH DV LQ WDEOH  LW
H[KLELWVDQLQFUHDVHLQWKHWUDQVIRUPDWLRQ WHPSHUDWXUHVDVWKHDJHLQJWLPHLQFUHDVHV7KHH[SRVXUHRIWKHDOOR\IRU
PRUHGXUDWLRQ OHDGV WRSRRU VKDSHPHPRU\VWUDLQ UHFRYHU\7KHSHDNVRIHQGRWKHUPLFDQGH[RWKHUPLFSURILOHVRI
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GXH WR WKH IRUPDWLRQ RI SUHFLSLWDWHV 7KH IRUPDWLRQ RI SUHFLSLWDWHV FKDQJHV WKH FRPSRVLWLRQ RI WKH DOOR\ ZKLFK
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0LFUR +DUGQHVV7HVW
0LFURKDUGQHVVWHVWZDVSHUIRUPHGRQWKHVSHFLPHQVZKLFKZHUHVXEMHFWHGDJHLQJWRH[DPLQHZKHWKHUWKHUHLVDQ\
FKDQJH LQ WKHPHFKDQLFDOSURSHUWLHVRI WKHPDWHULDOZKHQ WKH\DUHDJHG IRUGLIIHUHQW WLPHGXUDWLRQ $ ORDG RI
JUDPIRUVHF KDVEHHQXVHG IRUWHVWLQJ
7KHYDULDWLRQRI9LFNHUVKDUGQHVVRIWKHKHDWWUHDWHGVDPSOHVDW&DQG&ZLWKDJHLQJWLPHLVVKRZQLQ
)LJ D DQG E )URP WKH JUDSK LW LV REVHUYHG WKDW WKH9LFNHUV KDUGQHVV RI WKH DOOR\ LQFUHDVHV ZLWK LQFUHDVLQJ
DJHLQJ GXUDWLRQ 7KH IRUPDWLRQV RI SUHFLSLWDWHV LQ WKH DOOR\ LV LQFUHDVHG ZLWK LQFUHDVH LQ DJHLQJ WLPH 7KH
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&RQFOXVLRQV
x 7KH &X$O%H 60$¶V H[KLELWV JRRG 60( XS WR  ZKLFK YDULHV ZLWK YDULDWLRQ LQ FKHPLFDO
FRPSRVLWLRQRIWKHDOOR\V
x 7KH&X$O%H60$VIRUPVYDULRXVSUHFLSLWDWHVRQDJHLQJ




x 7KH VWUDLQ UHFRYHU\E\6KDSH0HPRU\(IIHFWGHFUHDVHVZLWK WKH LQFUHDVH LQ WKH DJHLQJ WLPHGXH WR
LQFUHDVHLQWKHDPRXQWRISUHFLSLWDWHV
5HIHUHQFHV
%DOR 6 1 &H\ODQ 0 (IIHFW RI %H FRQWHQW RQ VRPH FKDUDFWHULVWLFV RI &X$O%H VKDSHPHPRU\ DOOR\V - 0DWHU 3URFHVV
7HFKQRO 
%DOR 6 1 &H\ODQ 0 $NVR\(IIHFWRIGHIRUPDWLRQRQWKHPLFURVWUXFWXUHRID&X$O%HVKDSHPHPRU\DOOR\ - 0DWHU 6FL
(QJ $  
%HONDKOD6)ORUHV=XQLJD+*XHQLQ*(ODERUDWLRQDQGFKDUDFWHUL]DWLRQRIQHZ ORZWHPSHUDWXUHVKDSHPHPRU\&X±
$O±%HDOOR\V 0DWHU6FL(QJYRO $ S
&KHQWRXI 60 %RXDEGDOODK 0 &KHQLWL + (EHUKDUGW $ 3DWRRU ( 6DUL $$JHLQJ6WXG\RI&X$O%HK\SRHXWHFWRLGVKDSH
PHPRU\DOOR\- 0DWHULDOV &KDUDFWHUL]DWLRQ  
&KXQJ&</DP&:+7DQ66&XEDVHGVKDSHPHPRU\DOOR\VZLWK 0Q$QG=UDGGLWLRQ 0DWHULDOV OHWWHUV 
 SS 0DWHU/HWW
)HQJ&KHQ%LQJ7LDQ<X[LDQJ 7RQJ <XIHQJ =KHQJ 7UDQVIRUPDWLRQEHKDYLRUDQGVKDSHPHPRU\HIIHFWRI&R$ODOOR\


















7KH DXWKRUV DFNQRZOHGJH WKH VXSSRUW RI WKH 5 	 ' &HQWUH 'HSDUWPHQW RI 0HFKDQLFDO (QJLQHHULQJ 6LGGDJDQJD
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